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ABSTRACT

An electrochemical sensor includes a micro-porous plastic membrane
supported on a disk and located between a gas inflow port and an electrolyte having
a gelled oxygen diffusion barrier. The oxygen diffusion barrier, formed of gelled
agar, minimizes thermal shock effects by impregnating any porous materials in the

SENSOT.
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ELECTROCHEMICAL OXYGEN SENSOR WITH ,.
INTERNAL BARRIER TO OXYGEN DIFFUSION 4

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of the filing date of U.S. Provisional

Application Serial No. 61/436,912 filed January 27, 2011 and entitled

‘ELECTROCHEMICAL OXYGEN SENSOR WITH INTERNAL BARRIER TO

OXYGEN DIFFUSION”. The disclosure of the ‘912 application is incorporated

herein by reference.

FIELD

[0002] The invention pertains to electrochemical gas sensors. More
particularly, the invention pertains to electrochemical oxygen sensors which are

resistant to internal oxygen diffusion.

BACKGROUND

[0003] Electrochemical sensors are known and can be used to detect various
types of gases including oxygen as well as other types of gases.

[0004] Representative sensors have been disclosed in US Patents No.
5,668,302 to Finbow et al. entitled Electrochemical Gas Sensor Assembly, issued
Sept 16, 1997, and No. 5746,899 to Finbow et al. entitled Electrochemical Gas
Sensor, issued May 5, 1998. The ‘302 and ‘899 patents have been assigned to the
assignee hereof and are incorporated by reference. Useful as they have become,
such sensors are not without some limitations.

[0005] There is a general requirement to control / prevent bulk gas flow within
a sensor. Such flow can be generated by a numbér of circumstances — e.g.,
thermal, pressure or mechanical shock can all cause displacements potentially
leading to undesirable bulk gas movement. (These are undesirable in the sense that
gas may reach parts of the sensor via routes which do not form part of the design

intent and which can therefore lead to erroneous sensor outputs)

[0006] A particular problem experienced by users of portable oxygen gas

detection equipment is that the instrument can be susceptible to failure modes
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associated with thermal, mechanical or pressure shock. Such instruments can
generate unstable sensor outputs, or in certain circumstances false alarms should
the shock be of sufficient magnitude. Temperature shock is exhibited most
frequently when the instrument is subjected to rapid changes in temperature. A
typical instance when this might occur would be when the user exits a heated office
or calibration station into a cold working environment.

[0007] This situation is most noticeable in winter when temperature
differences are at their greatest. While the effect is often associated with a negative
temperature change, i.e. movement from a warm to cooler environment, the same
effect can also manifest itself in the opposite sense when there is a positive
temperature change. One solution to this problem has been disclosed in the
specification of a U.S. Patent Application No. 11/877,331 entitled “Gas Sensors”
filed October 23, 2007 and published as No. 2008-0202929.

[0008] The bulk flow of air from within the cell to the environment or vice
versa is understood to be the cause of the signal instability when the sensor Is
exposed to shock. The caustic environment of the electrolytes that are widely used
within such sensors limits the identification and selection of inert materiais that will
not interfere with normal operation of the respective sensor. There is a need to
identify alternative materials to those that have been examined historically, with
limited success (e.g. cellulose, Polycarbonate, Nylon,) due their poor chemical
tolerance to the highly caustic environments created when the sensors are used
across the specified environmental operating conditions.

[0009] Thus, there continues to be a need for improved oxygen sensors
which minimize false alarms. Preferably such improved functionality could be
achieved without substantially increasing the manufacturing complexity and cost of

such units.

[0010] Also, it would be preferable if such improved detectors could be

implemented as portable or human wearable to facilitate use.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Fig. 1 is a plan view of a sealing disk;

[0012] Fig. 2 illustrates a side elevational view of a sealing disk as in Fig. 1;
[0013] Fig. 2A is an enlarged partial view of an edge of the disk of Fig. 2;
[0014] Fig. 2B is an enlarged partial view of a central region of the disk of Fig.
2; and
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[0015] Fig. 3 is an exploded view that illustrates the components of an

oxygen cell according to one embodiment hereof.

DETAILED DESCRIPTION

[0016] While embodiments of this invention can take many different forms,
specific embodiments thereof are shown in the drawings and will be described
herein in detail with the understanding that the present disclosure is to be
considered as an exemplification of the principles of the invention, as well as the
best mode of practicing same, and is not intended to limit the invention to the
specific embodiment illustrated.

[0017] In embodiments hereof, the above noted problem can be solved by
incorporating into an electrochemical sensor a material that maintains high ionic
conductivity whilst creating an effective barrier for internal oxygen diffusion, and also
maintains an effective pressure barrier between the Anode and Cathode. Whilst this
application discloses using agar as an example, those of skill will understand that
there are a number of other water soluble polymers that are usable. The material
needs to possess sufficient solubility in the electrolyte within the sensor. The chosen
polymer should be substantially chemically inert in the electrolyte environment.
[0018] Agar is an example of a naturally occurring polysaccharide polymer
that meets these requirements. Other possible polysaccharides such as alginate,
carrageenans, or xanthan would prove suitable. Equally guar gum or other
industrial gums, and cellulose based polymers such as carboxymethyl,
hydroxyethyl, methyl cellulose etc. There are also a number of synthetic water
soluble polymers that might be suitable, these are well known and could include
PVA, poly(HEMA), polyacrylamide and various substituted acrylamides. Previously
cross-linked N-acryloyl-tris(hydroxymethyl)aminomethane has been used as a
gelling material to prevent leakage of electrolyte and not incorporated Iinto
membrane separators.

[0019] Those of skill will also understand that other materials having the
above characteristics are also usable without limitation. The type of gas being

sensed is also not a limitation. The above noted polymers can be used, for

example, in oxygen sensors without limitation.
[0020] One of the factors that is important in determining the choice of
polymer is the ease of convenience of use in a manufacturing environment. Agar IS

particularly attractive since it is non toxic and does not require chemical

_3 .
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polymerization steps such as would be required with some of the synthetic

polymers.

[0021] Embodiments hereof include a material which is a 2% Agar gel. made
from Agar powder of gel strength NLT 950 G/CM2 ( 1.5% gel NIKAN TEST). A dry
agar powder, Molecular Weight (C12H1809)n, is dissolved in electrolyte at a
temperature of greater than 85°C. The hot agar solution can then be used to
impregnate any of the porous materials used within the sensor, or, cell. The agar will
gel on cooling. Alternately, or in addition, various elements, without limitation, such
as membranes or filters, can be impregnated with the gel prior to assembly and then
incorporated when the cell is assembled.

[0022] A partition can be created in the cell that prevents bulk flow or
exchange of air between the cell and the environment. The partition can include a
micro-porous plastic membrane supported on a perforated plastic disk.

[0023] The disk serves a number of functions. The primary role is to support
the membrane.

[0024] An optional, compressible foam gasket, supported by the disk, can be
included and can serve two purposes. The adhesive surfaces ensure an air tight
seal between the supporting shelf and the membrane material; in addition the
compressible nature of the material ensures that any “dead volume” in the upper
partition is minimized. The amount of free “dead volume” in the upper partition is
associated with the size of the initial thermal transient that all lead based oxygen
sensors show on rapid changes of temperature.

[0025] The disk can be annular with a hole in the middle to allow electrolyte
jons to pass through the partition between the upper and lower compartments of the
cell thereby facilitating normal operation of the cell. Alternatively the single central
hole in the disk could be replaced with a plurality of smaller holes, each also
capable of allowing electrolyte transport across the disk to the electrode from the
main body of the cell.

[0026] The membrane is adequately supported so as not to deform or flex
under pressure, since this behavior can also generate pressure transient effects of
sufficient magnitude to cause false alarms. The function of the micro-porous
membrane is to prevent the bulk transport of gas (usually in the form of bubbles)
through the cell.

[0027] Embodiments of the invention include a micro-porous plastic

membrane material. The membrane material is not swelled or deformed by
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electrolyte, nor chemically degraded by electrolyte, or reaction products of oxygen
reduction. The micro-pores in the membrane also allow transport of ions through
the film unlike some solid membranes which only allow water migration.

[0028] Use of a plastic support disk, or plate, as in Fig. 1, which can be
ultrasonically welded to a cell body to provide air tight seal with the body and current
collector, improves cell reliability and life-time. The disk also stops the membrane
from flexing under pressure. Use of a compressible gasket minimizes “dead
volume” in a cap or cover for the cell thereby reducing initial thermal transient
effects.

[0029] Figs. 1, 2-2B illustrate various aspects of a disk or partition 12 In
accordance herewith. As illustrated therein, disk 12 is a rigid, generally annular
shaped member with first and second spaced apart planar surfaces 12-1, 12-2
bounded by a peripheral support 12-3. The disk 12 has a central opening 12-4.
The disk 12 carries a selected micro-porous plastic membrane 16.

10030] The disk 12 can be ultrasonically welded to an external housing of a
respective oxygen sensor. As will be understood by those of skill in the art, disk 12
could alternately be perforated by one or more openings therethrough. The
openings need not be centrally located, but could be distributed across the disk.
[0031] Fig. 3 is an exploded view of a representative oxygen sensor 30 which
embodies the present invention. The cell 30 includes a hollow, cylindrical body 32
which defines an interior region 34 for an electrolyte 34a for the cell.

[0032] A top end 36 of the body 32 defines an annular region indicated
generally at 38 which can receive and support a muitiple element separator filter 10.
[0033] The disk 12 as previously discussed, is supported by the annular

surface 38 and can be ultrasonically welded to the body 32.
[0034] Membrane 16 overlays the disk 12. The cell 30 is closed with a cap

40 which could be affixed to the body 32 by welding or adhesive. The cap 40 can

carry a working electrode 42. The body 32 can carry an internal current collector

element 44.
[0035] In one aspect, the agar powder, when dissolved in the hot electrolyte,

and after injection into the housing 32, can permeate through the disk 12 and into
contact with gasket 14, membrane 16, and working electrode 42. When the
temperature of the electrolyte 34a cools, the agar jells providing an internal oxygen
diffusion barrier wherever it is located in the sensor. Alternately, elements such as
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16, 18, and 46 can be impregnated with a selected gel before assembly and

incorporated when the cell is assembleaq.
[0036] In assembling one embodiment of the present invention, as in Fig. 3,

members of a plurality of separator filters 46 are located centrally on the top 36 of

the cell body molding 32.

[0037] The plastic disk, 12, as in Fig. 1 for example, is then placed centrally
within the recess 38 of the body molding 32 on top of the separator filters 46
ensuring that the internal current collector 44 is located between the plastic sealing
disc 12 and body molding 32. The disc 12 is then ultrasonically welded to the body
molding 32.

[0038] The micro-porous membrane 16 is located centrally on top of the disk
12. One exemplary material for the membrane 16 is nylon. Other micro-porous
materials, without limitation, could be used instead of nylon as would be understood
by those of skill in the art.

[0039] An optional, compressible foam adhesive gasket 14, aiso annular in
shape, having a central opening 14a, overlays and is supported by the disk 12.
Filter 18 fills the opening 14a of the gasket 14. Where gasket 14 is not used, the
membrane 16 can be placed directly on and in contact with the disk 12.

[0040] The internal current collector 44 is then folded over the membrane 16.
The pre-assembled cap molding 40 and working electrode 42 is then placed on to
the cell body assembly 32 and ultrasonically welded into place to complete cell 30.
[0041] Embodiments hereof prevent oxygen diffusion within an oxygen cell by
providing a gel-based barrier to internal oxygen diffusion while still maintaining an
effective pressure barrier between the electrodes. This in turn minimizes thermal

shocks. Similar configurations can be used in cells which sense other gases.

[0042] Also, by using a plastic disc such as disk 12 as a support for
membrane 16 and welding the disc to the body 32 of the oxygen cell such as cell 30
it is possible to create a gas tight seal between upper and lower parts of the cell and
further reduce thermal shock effects that are caused by transfer of gas between the
two parts.

[0043] In summary, a gellelectrolyte combination offering good adhesive /
flowing /sealing properties can offer major benefits to the cell designer in terms of

controlling in-cell bulk gas flow whilst being fully compatible with the high ionic

conductivity requirements of electrochemical operation
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[0044] From the foregoing, it will be observed that numerous variations and
modifications may be effected without departing from the spirit and scope of the

invention. It is to be understood that no limitation with respect to the specific
apparatus illustrated herein is intended or should be inferred. It is, of course,
intended to cover by the appended claims all such modifications as fall within the

scope of the claims.
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Claims:

1. An electrochemical gas sensor comprising:

a hollow housing with an internal surface which carries an electrolyte
having a selected gel in contact with at least portions of the internal surface; and
a sealing member with at least one opening therethrough and an

overlying micro-porous membrane carried therein in contact with at least a portion of

the gel.

2. An electrochemical gas sensor as in claim 1 which includes sensing
and counter electrodes wherein the electrodes are in contact with at least portions of
the electrolyte and the gel, and wherein the gel is selected from a class which

includes at least polysaccharides, industrial gums, or cellulose based polymers.

3. An electrochemical gas sensor as in claim 1 where the micro-porous
membrane is positioned in the sensor between a counter electrode and a gas inflow

port.

4. An electrochemical gas sensor as in claim 3 which includes a

compressible gasket which carries the membrane.

5. An electrochemical gas sensor as in claim 1 which includes a

compressible foam adhesive gasket which carries the membrane.

6. An electrochemical gas sensor comprising a hollow housing which

carries at least one electrode and which includes an inwardly extending, at least

partly, annular support surface for a sealing element, a gasket and a membrane.

7. An electrochemical gas sensor as in claim 6 where the gasket carries

the membrane.

8. An electrochemical sensor as in claim 7 with the sealing element

comprising a generally planar structure fixedly attached to the hollow housing.
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9. An electrochemical gas sensor as in claim 6 where the housing carries

the sealing element, the gasket and the membrane in a multi-layer, stacked

configuration.

10.  An electrochemical gas sensor as in claim 9 where the housing Is
closed with a cover with a gas inflow port, the cover being adjacent to the

membrane, the sealing element being adjacent to an internal region in the housing

and to an electrode.

11. A portable oxygen sensor which comprises a hollow housing; the
housing carrying at least sensing and counter electrodes; electrolyte and a selected
gel in the housing and in contact with the electrodes; the housing defining a gas

inflow port; and a micro-porous planar membrane with electrolyte and gel filled

pores.

12.  An oxygen sensor as in claim 11 which includes a compressible

gasket which carries the membrane.

13.  An oxygen sensor as in claim 12 wherein the housing carries an
internal support member for the gasket, the support member contributing to a gas

tight seal between the inflow port and an internal region of the housing.

14.  An oxygen sensor as in claim 13 where the electrolyte is adjacent to

the support member and in the internal region of the housing.

15.  An oxygen sensor as in claim 14 where the support member includes
an annular plastic element to which the gasket can be attached where the annular

element can be sealed to a portion of the housing adjacent to the internal region.
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